The Boltzmann transport equation (BTE) for multiple bands is solved by the spherical harmonic approach. The distribution function is obtained for energies greater than 3eV. The BTE is solved self consistently with the Poisson equation for a one dimensional npn bipolar junction transistor (BJT). The novel features are the use of boundary fitted curvilinear grid, and Scharfetter Gummel type discretization of the BTE.
I. INTRODUCTION
The Monte Carlo (MC) method, the most prominent of the BTE solution techniques, has the disadvantage of being computationally very expensive. The spherical harmonic approach for solving the BTE, which represents a compromise method in between hydrodynamic modeling and full zone MC simulation, is computationally efficient, and therefore has been gaining acceptance [1] [2] [3] .
This paper presents new extensions to the past work, which includes: (i) incorporation of all bands from the multi-band band structure [4] (ii) self consistency with the Poisson and hole-continuity equations (iii) a new Scharfetter-Gummel like discretization for the BTE and (iv) a novel boundary fitted curvilinear grid. [2, 3] :
II. ANALYTICAL MODEL
Where y(e) h2k212m*, is the band shape function for each band of the multi-band band structure from Brunetti et. al [4] . The model consists of four bands. For computational simplicity the two lower bands and the two upper bands can be combined together and are enumerated by index (/) and (I/). The scattering mechanisms considered are intra-band acoustic phonon scattering in the elastic approximation, intra-band inter-valley optical phonon, inter-band optical phonons, impact ionization.
III. DISCRETIZATION ON CURVILINEAR GRID
The BTE (1) is defined on a curvilinear region bounded by x 0, L x and H= -@(x), Emax @(x). The curvilinear nature of the problem is exploited by resorting to a curvilinear grid which conforms to this boundary and performing interpolations when writing the finite difference approximations of the derivatives [5] . Fig. depicts FIGURE The boundary fitted curvilinear grid is first constructed in the (x,e) space, and then it is mapped to the (x,H) space (by the relation H e-@) for actual simulations. Linear interpolation is performed for finite-difference discretizations. During self-consistent calculations when changes from one Gummel iteration to the other, the grid does not change intrinsically, but instead merely readjusts itself to the new )
The equations are discretized by finite differences and by using Scharfetter-Gummel type discretization of equation (1). The individual equations are solved using a fixed point SOR approach, while the overall system is solved self consistently with a decoupled Gummel-type scheme.
IV. RESULTS
As shown in Fig. 2 Impact ionization scattering pushes the distribution towards equilibrium in the neutral collector. Fig. 8 plots the distribution at a location in the collector with and without impact ionization.
V. CONCLUSIONS
We have modeled the transport of high-energy elec- 
